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(57)Abstract: 

PURPOSE: To provide the manufacturing method of a 
highly reliable ink jet printer head having stable ink 
delivering characteristics, with which the ink injection in 
ink flow path is made easy and further the mixing of air 
in the ink at the injection of ink can be prevented from 
occurring. 

CONSTITUTION: A flat plate-like lid 2 is bonded onto 
the upper part of through grooves, which are formed on 
piezoelectric board 1 made of a piezoelectric ceramic. 
Further, after a nozzle plate 3 having ink delivering ports 
5 is bonded onto the edge face of ink flow paths 4, which 
is provided by the bonding between the flat plate-like lid 

2 and the nozzle plate 3, the surface of the nozzle plate 

3 is masked under the state that the ink delivering ports 
5 are retained so as to plasma-treat the whole assembly 
in oxygen-containing gas atmosphere. 
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CLAIMS 



[Claim(s)] 

[Claim l] The ink passage specified with 
the plate-like lid which is formed in the 
piezoelectric substrate which consists of 
piezoelectric ceramics, and which it has 
pasted up on the upper part of the slot of 
parallel a large number, and this slot 
mutually. In the manufacture approach of 
a piezo- electric actuation type ink jet 
printer head of it being constituted by the 
nozzle plate which has the ink discharge 
opening pasted up on one edge of this ink 
passage, and having an electrode layer 
for actuation in an ink passage inner 
surface The manufacture approach of the 
ink jet printer head characterized by 
carrying out the mask of the nozzle plate 
front face after pasting up a plate-like lid 
and a plate-like nozzle plate after the ink 
discharge opening has penetrated, and 
carrying out plasma treatment of the ink 
jet printer head in the gas ambient 
atmosphere containing oxygen. 
[Claim 2] The manufacture approach of 
the ink jet printer head according to 
claim 1 characterized by plasma 
treatment carrying out in the gas 
pressure field of 0.5 or more Torrs in the 
gas ambient atmosphere containing 
oxygen. 

DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 



[Industrial Application] Especially this 
invention relates to the hydrophihzation 
art in ink passage about the manufacture 
approach of the head section of a 
piezo-electric actuation type ink jet 
printer. 
[0002] 

[Description of the Prior Art] the method 
which applied the piezo-electric operation 
of a piezo electric crystal to the driving 
force of the ink regurgitation 
conventionally in the ink jet printer of the 
non-impact printer in applicable fields, 
such as a computer output, which is a 
formula on the other hand for example, 
JP,4-48622,B " or it is proposed by 
JP,63-247051,A. 

[0003] After the typical manufacture 
approach and structure process the 
penetrated detailed slot for ink passage 
into a piezoelectric substrate, they form 
an electrode layer in the firont face of the 
slot, carry out polish processing of the 
front face further, remove a surface 
electrode layer, and leave an electrode 
layer to the interior of a slot. 
[0004] The parylene film which 
furthermore becomes a slot inner surface 
firom the poly PARAKI silylene resin by 
the vapor phase synthetic method as an 
insulator layer is formed. This insulator 
layer is positioned as an important 
construct for preventing deterioration of 
gassing by electrolysis of the ink leading 
to the instabiUty regurgitation of ink and 
ink. 
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[0005] This parylene film shows very 
high liquid repellance. And the approach 
of making the parylene film lyophilic to 
ink is proposed by carrying out the 
laminating of the inorganic oxide film 
already represented by the silicon oxide 
film on the parylene film firom these 
people. 

[0006] Ink passage is formed by pasting 
up glass, a ceramic, a metal, or the 
plate-like lid made from plastics on the 
field which the fields which have the slot 
of the piezoelectric substrate produced as 
mentioned above are made to counter, 
and has adhesion or a slot. 
[0007] Furthermore, it has an ink 
discharge opening with a diameter of 
30-60 microns at one edge of ink passage, 
and after pasting up the nozzle plate 
which coated the fi"ont face with the 
liquid repellance film, an ink jet printer 
head is constituted by connecting an 
actuation circuit to an electrode. 
[0008] It is checked that Teflon eutectoid 
plating the Teflon particle with a 
diameter of about 0. 1 microns carried out 
[ plating ] distributed content is excellent 
in a nickel-plating matrix as a liquid 
repellance film with which a nozzle plate 
is coated at this time. 
[0009] However, since lyophilic is 
required firom an ink discharging 
performance side, the rear face and the 
interior of an ink discharge opening of a 
nozzle plate must plate with one side only 
on the surface of a nozzle plate. 



[0010] However, such a plating approach 
will have many points difficult in order to 
require a complicated process, and a 
manufacturing cost will also become high. 
[0011] After coating the whole nozzle 
plate with Teflon eutectoid plating as a 
cure for that, the mask only of the front 
face was carried out by the tape mold 
resist, oxygen plasma treatment of the 
whole nozzle plate was carried out, and 
liquid repellance is given only to the 
nozzle plate front face by dissolving a 
resist aft;er that. 

[0012] If an electrical potential difference 
is impressed to the electrode formed all 
over each slot, the actuation principle of 
the ink jet printer head using a 
piezo-electric operation will deform so 
that the septum which forms a slot may 
make the volume of ink passage increase 
or decrease for the piezo-electric 
operation. 

[0013] And the pressure produced 
according to deformation of this volume 
reduction spreads in the ink with which 
the interior of a slot was filled up, and 
carries out the regurgitation as an ink 
droplet from a nozzle hole. 
[0014] 

[Problem(s) to be Solved by the 
Invention] However, in the production 
process of the above-mentioned ink jet 
printer head, the phenomenon in which 
lyophilic [ in ink passage ] disappeared 
was observed by the adhesives used in 
the case of the process which pastes up a 
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plate -like lid on the field which the fields 
which have the slot of a piezoelectric 
substrate are made to counter, or has a 
slot, or the process which pastes up a 
nozzle plate on one edge of ink passage. 
[0015] Although this is excellent in epoxy 
system adhesives from that versatility as 
adhesives, it is because the liquid 
repellance organic silicon system 
compound contained in adhesives at the 
time of the heating process for further 
adhesion evaporates with these adhesives 
itself being liquid repellance and it sticks 
to a perimeter. 

[0016] For this reason, the pressure by 
the variation rate of the piezo electric 
crystal which impregnation of ink, 
especially water color ink becomes very 
difficult, and it becomes easy to mix air at 
the time of ink impregnation, and serves 
as a driving source at it will ease. 
[0017] Consequently, the generated 
pressure did not spread enough in an ink 
fluid, but had become the big cause of the 
instability regurgitation of ink. 
[0018] The object of this invention is by 
making the inside of ink passage lyophiHc, 
making easy further ink impregnation to 
an ink jet printer head, and preventing 
mixing of the air at the time of ink 
impregnation to offer the manufacture 
approach of an ink jet printer of having 
the advanced dependabiUty by which the 
ink regurgitation property was stabilized. 
[0019] 

[Means for Solving the Problem] In order 



to attain the above-mentioned object, 
after pasting up a plate -like lid and a 
plate "like nozzle plate on the piezoelectric 
substrate which consists of piezoelectric 
ceramics and which has the slot of 
parallel a large number mutually, the 
manufacture approach of the ink jet 
printer head of this invention carries out 
the mask of the nozzle plate firont face, 
after the ink discharge opening has 
penetrated, and carries out plasma 
treatment of this ink jet printer head in 
the gas ambient atmosphere containing 
oxygen after that. 
[0020] 

[Function] Although the plasma 
treatment in the inside of the oxygen 
ambient atmosphere for lyophilic-izing in 
ink passage is the approach of reforming 
a firont face and giving lyophilic in the 
manufacture approach of this invention 
by generally generating a hydroxy 1 group 
and a carbonyl group on the firont face of 
organic system ingredients, such as 
plastics Teflon eutectoid plating covered 
with the ink jet printer of this invention 
on the nozzle plate front face ■- plasma 
treatment simultaneously, it is made 
lyophilic having " consequently, ink 
****** being generated " being easy -- 
just " being alike " the stability of the 
meniscus at the time of ink droplet 
formation falls, and will not carry out the 
regurgitation. 

[0021] These people pass through ink 
passage as this cure. From a nozzle plate 
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rear face to air Either of the gas of oxygen, 
nitrogen, or an argon contacts the nozzle 
plate of an ink jet printer head in a resist 
solution with blasting. The mask of the 
nozzle plate front face is carried out with 
the condition held that the ink discharge 
opening penetrated by drying after that, 
plasma treatment is performed, the 
approach of dissolving a resist after that 
is found out, and it is checking that the 
Uquid repellance on the front face of a 
nozzle plate does not deteriorate by this 
approach. 

[0022] Since the blinding of an ink 
discharge opening is not allowed in order 
to make the active species generated by 
plasma treatment in this invention 
advance from an ink discharge opening 
and to reform the front face in ink 
passage, this masking is effective. 
[0023] In order to make the active species 
furthermore generated by plasma 
treatment from the ink discharge opening 
advance, it is checking by these people 
that it is also effective from a mean free 
path the field where gas pressure is high, 
and to specifically carry out plasma 
treatment in the gas pressure field of 0.5 
or more Torrs. 

[0024] Moreover, the plasma by the gas 
containing the oxygen used for the 
plasma treatment of this invention is 
checking by these people that the front 
face of an organic system ingredient is 
easy to generate many hydroxyl groups 
and carbonyl groups rather than the 



plasma treatment only by inert gas, such 
as an argon, therefore lyophiUc is more 
excellent. 
[0025] 

[Example] Hereafter, the manufacture 
approach of the ink jet printer head in 
the example of this invention is explained 
using a drawing. Drawing 1 is the 
sectional view showing the piezoelectric 
substrate 1 used for the ink jet printer 
head by this invention, 
[0026] The electrode layer 10 which uses 
a lower layer as chromium and uses the 
upper layer as gold (Au) is formed in the 
piezoelectric substrate 1 which performed 
detailed recessing by the diamond blade 
cutter by the sputtering method. 
[0027] The t5^ical dimension of a slot is 
10 millimeters in width of face of 100 
microns, a depth of 400 microns, and die 
length. 

[0028] By carrying out polish processing 
of the front face of this piezoelectric 
substrate 1, an electrode layer is removed, 
and it forms so that it may leave an 
electrode layer 10 to the interior of a slot. 
[0029] Next with a vapor phase synthetic 
method, the parylene film 12 is formed in 
the interior of piezoelectric substrate 1 
front face and a slot by about 5-micron 
thickness. 

[0030] The 0.02-micron laminating of the 
silicon oxide film 14 is carried out by the 
sputtering method on the parylene film 
12 after forming this parylene film 12. 
[0031] To formation of this silicon oxide 
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film 14, it is possible also at wet process, 
such as vapor phase synthetic methods, 
such as the ion plating method and a 
plasma-CVD method, and a sol-gel 
method, besides the sputtering method. 
[0032] Drawing 2 is the perspective view 
showing the appearance of this ink jet 
printer head. On the piezoelectric 
substrate 1 which carried out Uke 
drawing 1 and was processed, the ink 
passage 4 is formed by pasting up the 
plate-like lid 2 which consists of glass 
with a thickness of about 1mm. 
[0033] And the nozzle plate 3 which is 
sheet metal with a thickness [ made from 
nickel ] of 100 microns which has the ink 
discharge opening 5 with a diameter of 40 
microns produced by electroforming is 
pasted up on ink passage 4 edge. 
[0034] When a nozzle plate 3 uses as the 
front face of a nozzle plate 3 the field side 
as for which ink carries out the 
regurgitation, liquid repellance is 
required only of the front face of a nozzle 
plate 3 here. 

[0035] The nozzle plate 3 whole is coated 
with Teflon eutectoid plating by 5-micron 
thickness as an approach for the liquid 
repellance. 

[0036] The mask only of the surface 
whole region of a nozzle plate 3 is carried 
out by the tape mold resist after that, 
oxygen plasma treatment of the nozzle 
plate 3 whole is carried out, it is possible 
to give liquid repellance only to the front 
face of a nozzle plate 3 by dissolving a 



tape mold resist after that, and the nozzle 
plate 3 which carried out in this way and 
was produced is pasted up on ink passage 

4 edge. And an ink jet printer head is 
constituted by mounting an actuation 
circuit. 

[0037] Nozzle plate 3 fi^ont face is 
immersed for 5 seconds at a room 
temperature with blasting with the 
pressure of 1 kg/cm2 in the resist solution 
1350 (GIF rhe company trade name), for 
example, AZ, and the edge of the ink 
passage 4 which is an opposite hand as a 
nozzle plate 3 after that to air is heated 
for 60 minutes at 90 degrees C of raising 
after that. 

[0038] It is possible to carry out a mask 
by the resist only throughout the front 
face of a nozzle plate 3, without carrying 
out bUnding of the ink discharge opening 

5 by the resist with the above masking. 
And plasma treatment is performed for 
the whole head on condition that the 
following. 

[0039] gas ambient atmosphere- " 100% 
oxygen substrate installation electrode: 
cathode excitation method: - a RF 
(l3.56MHz) 

excitation output: - 50W gas pressure: — 
ITorr processing-time: " for 10 minutes " 
[0040] Active species including the 
radical generated by the oxygen plasma 
at this time invade in the ink passage 4 
from the ink discharge opening 5. 
Consequently, ink passage 4 internal 
surface is made lyophilic. 



JP07-101068A 

6- 



[0041] In order to dissolve the resist of 
nozzle plate 3 front face after that, an 
after [ resist clearance ] vacuum drying is 
immersed and carried out to exfoliation 
liquid. 

[0042] Drawing 3 is a graph which shows 
relation with the rate to all the numbers 
that are the gas pressure at the time of 
plasma treatment, and a number of the 
ink passage 4 where it is possible for a 
nozzle plate 3 to pour in the water color 
ink which contains water 75% of the 
weight from the edge of the reverse ink 
passage 4 by capillarity. 
[0043] As shown in the graph of drawing 
3 , in the gas pressure field range of 0.5 or 
more Torrs, it can pour in into [ all ] ink 
passage. 

[0044] On the other hand, in the gas 
pressure field of less than 0.5 Torrs, it is 
checked that it cannot pour in in much 
ink passage. 

[0045] By the manufacture approach in 
the example of this invention, gas 
pressure ITorr performed plasma 
treatment in view of this result. 
[0046] In order to check the effectiveness 
of the example of this invention, in all 
others, except for the process which 
carries out the mask of the nozzle plate 3 
front face in the above-mentioned 
manufacture approach as a head for a 
comparison, and carries out plasma 
treatment of the head in the gas ambient 
atmosphere containing oxygen, the nozzle 
plate 3 injected the water color ink which 



contains water 75% of the weight into the 
head assembled at the same process, and 
the head obtained by this invention by 
capillarity from the edge of the reverse 
ink passage 4. 

[0047] Consequently, impregnation into 
the ink passage 4 was completely 
impossible for the head which is not 
performing plasma treatment. 
[0048] Although impregnation of ink was 
attained when vacuum attraction of the 
ink discharge opening 5 of a nozzle plate 
3 was carried out with the pump that ink 
should be poured in still more 
compulsorily, the phenomenon of roUing 
many air bubbles in the ink passage 4 
was observed. 

[0049] On the other hand, with the ink jet 
printer head formed by the manufacture 
approach of this invention, impregnation 
of ink is easily possible into the ink 
passage 4, and the contamination of air 
bubbles was not observed at all by 
capillarity, either. 

[0050] Moreover, after ink impregnation, 
although the regurgitation was possible 
for the head for a comparison in the first 
stage, when the regurgitation trial of ink 
is performed, and it passes for about 30 
seconds, the regurgitation of it has 
become impossible. On the other hand, 
the regurgitation even with 100 hours 
after [ stable ] was possible for the head 
of this invention. 
[0051] 

[Effect of the Invention] According to this 
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invention, the inside of ink passage is 
made lyophilic, ink impregnation to an 
ink jet printer head is further made easy. 



5 Ink Discharge Opening 
10 Electrode Layer 
12 Parylene Film 



and it becomes possible to prevent mixing 14 Silicon Oxide Film 

of the air at the time of ink impregnation 

so that clearly from the above 

explanation. Consequently, it becomes 

possible to offer the manufacture 

approach of an ink jet printer head of 

having the advanced dependabihty by 

which the ink regurgitation property was 

stabiUzed. 

DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing l] It is the sectional view 
showing the manufacture approach of the 
Inkjet printer head in the example of this 
invention. 

[Drawing 2] It is the perspective view 
showing the manufacture approach of the 
ink jet printer head in the example of this 
invention. 

[Drawing 3l It is the graph which shows 
the effectiveness of the manufacture 
approach of the ink jet printer head in 
the example of this invention, and the 
relation between the gas pressure at the 
time of plasma treatment and the ink 
passage number in which ink 
impregnation is possible is shown. 
[Description of Notations] 
1 Piezoelectric Substrate 

3 Nozzle Plate 

4 Ink Passage 
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x/i'^ 3 i: fis;?t«3'i' sEgg 4 (ossfs*^ ?3 iiA-r 5 r 

[0 0 4 3] m3<Oi>^7yK7T^-tX^\C. 0. 5Tor 
[0 0 4 4] rixl-*l-L.X> 0. 5 T a r r*^<P;^^' 

[0 04 5] j^i6M©IIJfe0i|ic*j»t5®iit;^&-ett. :: 

«5fe*<£r^^:^^ffi 1 T o r r ■C7'7X-T*!i;SSr?To 

[0 04 6] *^PJ<^^J£0ao5a*S:5feS-t-5fc*(-. 
Jtl55ffl--s/ yt LT±IB<DSl^3t:^^fe^-*5^^X/X/^tg3 

7X-7«iS-r?>xeS:^t, tt,(ii--<rl^i:x@-CM^ 

7 5 fi*%-i-Wf57Ktt'(' Sr y X^vS 3 t i-iS.M<D 

[0 0 4 7] ^<D'i^^. 7'7X-vtoaS:tToTV''?'il/'"^ 

Kli*ofc<'<>':^'»^cK4rt'^<?5aA:4s^■5Itg■cfoo 
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. [0 0 4 8] $fe{w?i$iJ6*)tC-l'i^i5'*aA-t--<< /X/u 

[0 04 9] w JxJC^ LT;*:5IPJ WHJit^fyfetC i o T?l^ 
^t;iJ:oT^^fc:-Y>'^'gKK4rt'^^ VcJ' coaAdJpIfg 
[0 0 5 0] Sfc'l'>'^aA^> ^VrJ'coqtm^^iSrtT 

fcofctto<D^<]3 os?Sjaufc^^-eetm^^B6»^''<eo 

-CL^ofc. ;iixtc*fL-C:*^!^.0'^s' KJ±, 10 0^ 
[00 5 1] 

[12 2 1 ^^m(omMm\^isi-fi^ v'^ s/ h7*y v 

^ ^-7 K<oM3t:^feS:*-r^^0'<?fcS. 

[HI 3 ] 5^^?^ciSi£0'Jfc:*;it5'i' v^^i y hT'y > 

X-v^Q,g^(0;tf;^jEt'l'>'^'aApI«g'tC'l' Vif'jE^*^ 

[??-§-©tft?^] 
1 JEmS« 

3 /X/vffi 

4 -rv^sg^ 

1 0 

12 ^•'y U'VjR 
1 4 gj'ikv' y => viK 



[01 ] 




